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(54) Image pickup apparatus 



(57) An image pickup apparatus including: CCD im- 
age pickup device; a light blocking plate for shutting out 
light incident upon the image pickup device; an expo- 
sure period controlling section for setting exposure time 
by controlling the light blocking plate and the image pick- 
up device; a dark signal storing section for storing dark 
signals obtained from the image pickup device in a state 
where light is shut out by the light blocking plate; a sub- 
tracting section for subtracting the dark signals from 



main image pickup signals of the image pickup device; 
a defect detecting section for detecting defects from the 
subtracted image pickup signals outputted from the sub- 
tracting section; and a defect correcting section for per- 
forming correction of the detected fault pixels. It is there- 
by possible to achieve an image pickup apparatus ca- 
pable of detecting and correcting at high accuracy those 
fault pixels occurring afterwards because of changes 
due to the passage of time orthose fault pixels transient- 
ly occurring under certain modes. 
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Description 

[0001] This application claims benefit of Japanese 
Application No. 2001-154805 filed in Japan of May 24, 
2001 , the contents of which are incorporated this refer- 
ence. 

Background of the Invention 

[0002] The present invention relates to image pickup 
apparatus in which pixel defects occurring on image are 
adaptively detected and corrected in accordance with 
an image scene or an operating state of the apparatus. 
[0003] The rate of occurrence of defect pixels, i.e., 
fault pixels is generally higher in such image pickup ap- 
paratus as a high-definition electronic camera where a 
solid-state image pickup device having a large number 
of pixels is used. 

[0004] Technology for the detection and correction 
thereof has become indispensable. The yield of solid- 
state image pickup device becomes higher and the price 
of the apparatus is greatly reduced by correcting pixels 
of singularities represented by these fault pixels. 
[0005] The known technology for electrically correct- 
ing such fault pixels includes the following techniques. 
In particular, Japanese patent laid-open application 
55-156482 for example discloses the technique of pre- 
paring a memory in which locations of fault pixels occur- 
ring peculiarly to each solid-state image pickup device 
are previously retained at the time of manufacturing the 
solid-state image pickup device. Such a memory is 
mounted on the image pickup apparatus such as an im- 
age sensor. While continuously surveying output signals 
from the memory, the fault pixels at the predetermined 
locations are interpolated for example by means of av- 
erage values of adjoining pixels. 
[0006] Further Japanese patent laid-open applica- 
tions Hei-6-6685 and Hei-9-289614 for example dis- 
close the technique of providing a mode to detect fault 
pixels under certain image pickup conditions for exam- 
ple at the time of introducing power or at the time of an 
adjustment involving the operation for shutting out light 
incident upon the solid-state image pickup device so 
that, though a memory is provided, information on the 
detected defects is updated at each occurrence of such 
certain image pickup conditions. 
[0007] Further Japanese patent laid-open applica- 
tions Hei-7-23297 and Hei-9-247548 for example dis- 
close the technique of making correction by determining 
an arbitrary pixel of an arbitrary image as to its defect 
based on its correlation with the surrounding pixels dur- 
ing photographing operation of camera. 
[0008] Furthermore Japanese patent laid-open appli- 
cation 2000-59690 discloses an electronic camera 
which previously retains location data of fault pixels in 
a memory and at the same time has a function capable 
of detecting defects also from an arbitrarily selected tak- 
en image in accordance with the exposure time so that 



2 

it can deal with transient defects occurring at the time of 
a long exposure. 

[0009] Now, the one disclosed in the above described 
Japanese patent laid-open application 55-156482 re- 
5 quires an exclusive memory for each individual sensor, 
i.e., each image pickup apparatus such as a camera. It 
cannot be jointly used by separate image pickup appa- 
ratus. Further, it cannot deal with the types of defect oc- 
curring due to the passage of time after the shipment of 
the image pickup apparatus. Furthermore, there is also 
a problem of increase in both price and dissipation pow- 
er due to the fact that memory size for storing defect 
locations becomes very large proportionally to the in- 
crease in the number of pixels as a result of achieving 
a high-definition image. Moreover, there is another prob- 
lem that it cannot deal with the types of defects which 
occur transiently in a long time exposure or under high 
temperatures. 

[0010] The ones disclosed in Japanese patent laid- 
open applications Hei-6-6685 and Hei-9-28961 4, on the 
other hand, are capable of dealing with those defects 
which occur due to the passage of time. These, howev- 
er, cannot deal with those transiently occurring defects 
such as the defects in the case of a temperature hike 
after continuation of normal image pickup conditions, 
since the certain image pickup conditions for detecting 
defects are the conditions outside the normal photo- 
graphing. Moreover, in the case of detecting defects un- 
der certain image pickup conditions, since it is neces- 
sary to enter the defect detecting operation mode with 
limiting to such certain image pickup conditions, there 
is a problem that images cannot be taken during a long 
time period of such certain defect detecting operation 
mode. 

[0011] Further, the techniques disclosed in Japanese 
patent laid-open applications Hei-7-23297 and Hei- 
9-247548 are capable of dealing with changes after the 
shipment or in temperature, since detection/correction 
of defects is performed for each image. There are many 
edge patterns, however, in an arbitrarily selected image 
and it is difficult to detect defects around edge. An at- 
tempt for accurately detecting the defects therefore re- 
sults in a problem that the size of circuit and program 
becomes very large. In addition, while a high processing 
speed is a prerequisite in detecting defects in real time 
for each taken frame, an exceedingly large circuit and 
program size slows down the processing speed and 
makes a real time defect detection and correction there- 
of impossible. 

[0012] Furthermore, while the electronic camera dis- 
closed in Japanese patent laid-open application 
2000-59690 is adapted to be capable of dealing with 
transient defects occurring at the time of a long time ex- 
posure, it is not uncommon that the occurrence of such 
transient defects under a long time exposure is concen- 
trated in a small area. 

In such a case, an accurate detection of the defects is 
difficult. Also, there is another problem that the tech- 
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nique disclosed therein is incapable of dealing with 
those defects resulting from changes due to the pas- 
sage of time after the shipment of the electronic camera. 

Summary of the Invention 

[0013] To eliminate the above problems in image pick- 
up apparatus having the known defect detecting/cor- 
recting functions, it is an object of the present invention 
to provide an image pickup apparatus in which pixel de- 
fects occurring on image are detected and corrected 
adaptively to the image scene or the operating state of 
the apparatus so that it is possible to precisely correct 
those fault pixels occurring afterwards because of 
changes due to the passage of time orthose fault pixels 
transiently occurring under certain modes. 
[0014] In accordance with a first aspect of the inven- 
tion, there is provided an image pickup apparatus in- 
cluding: an image pickup device; a light blocking means 
for shutting out light incident upon the image pickup de- 
vice; a subtraction means for subtracting a dark signal 
obtained as an output signal of the image pickup device 
when shutting out the incident light from a main image 
pickup signal obtained from the image pickup device at 
the time of a main image taking; a correction means for 
correcting defect signals occurring due to fault pixels of 
the image pickup device with respect to the subtracted 
image pickup signal from the subtraction means; and a 
control means for controlling the light blocking means 
consecutively before or after the main image taking so 
as to obtain a dark signal of a time duration correspond- 
ing to the number of occurrence of externally caused 
fault pixels of the image pickup device. In accordance 
with a second aspect of the invention, the control means 
of the image pickup apparatus according to the first as- 
pect controls the light blocking means in accordance 
with an exposure time of the main image taking. 
[0015] In image pickup apparatus, defects occur in 
every portion within an image and the defect detecting 
accuracy is greatly reduced for example at the time of 
a long time exposure, in the image pickup apparatus ac- 
cording to the above described first and second aspects, 
however, dark signals obtained by shutting out light for 
a time duration corresponding to the amount of occur- 
rence of fault pixels of the image pickup device for ex- 
ample such as the exposure time of a main image taking 
are subtracted from the main image pickup signals at 
the time of the main image taking so that defects are 
detected with respect to the subtracted image pickup 
signals of which dark components are offset. It is thus 
possible to accurately detect the defects. 
[001 6] In accordance with a third aspect of the inven- 
tion, the image pickup apparatus according to the first 
aspect further includes a temperature detection means 
for detecting a temperature of the image pickup device, 
and the control means controls the light blocking means 
in accordance with the temperature detected at the tem- 
perature detection means. 



[001 7] White-point defects of an image pickup device 
occur more frequently as the temperature becomes 
higher. By detecting defects with respect to subtracted 
image pickup signals resulting from the subtraction of 
s dark signals obtained by shutting out light for a time du- 
ration corresponding to the temperature of the image 
pickup device as described above, however, the defects 
can be accurately detected even under changing tem- 
peratures irrespective of mode setting such as of the ex- 
posure time. 

[0018] In accordance with a fourth aspect of the in- 
vention, there is provided an image pickup apparatus 
including: an image pickup device; a detection means 
for detecting fault pixels of the image pickup device from 
image pickup signals of a selected frame by selecting a 
predetermined frame from image pickup signals con- 
secutively outputted as a plurality of frames from the im- 
age pickup device; a storage means for storing locations 
of the detected fault pixels; a correction means for cor- 
recting image pickup signals from the image pickup de- 
vice on the basis of the locations of the fault pixels stored 
at the storage means; and a control means for control- 
ling timing at which the fault pixel detection means de- 
tects fault pixels. Further, in accordance with a fifth as- 
pect of the invention, the fault pixel detection means in 
the image pickup apparatus according to the fourth as- 
pect detects fault pixels at every predetermined number 
of frames. 

[0019] In the case of consecutively taking a plurality 
of frames, it is not necessary to detect defects at each 
frame, since difference in image is not large between 
consecutive frames. In the image pickup apparatus ac- 
cording to the above described fourth and fifth aspects, 
since defects are detected by selecting a predetermined 
frame for example at every predetermined number of 
frames from the image pickup signals consecutively out- 
putted as a plurality of frames and the locations of the 
defects are stored to correct the defects, it is possible 
to correct the defects without detecting defects at each 
frame. It is thereby possible to avoid easily cognizable 
fault pixels which occur due to the fact that the defects 
are seen and not seen by frames. 
[0020] In accordance with a sixth aspect of the inven- 
tion, the fault pixel detection means in the image pickup 
apparatus according to the fourth aspect detects fault 
pixels only at the first frame of a number of consecutive 
frames. 

[0021] When defects are to be detected by frame, the 
defect detection processing takes time and perform- 
ance of a further image taking within such processing 
time may become impossible. The above problem, how- 
ever, can be avoided by detecting defects only with re- 
spect to the first frame as described above. 
[0022] In accordance with a seventh aspect of the in- 
vention, the fault pixel detection means in the image 
pickup apparatus according to the fourth aspect detects 
fault pixels at predetermined time intervals or during an 
intermission of photographing after a main photographi- 
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ing. 

[0023] An image taking at a desired point in time may 
become impossible if time is consumed in defect detec- 
tion processing. The above problem, however, can be 
eliminated by as described detecting defects at prede- 
termined time intervals or when image is not being tak- 
en. 

[0024] In accordance with an eighth aspect of the in- 
vention, the image pickup apparatus according to any 
one of the fourth to seventh aspects further includes a 
motion detection means for detecting a motion in image 
within a frame so that the fault pixel detection means 
detects fault pixels with respect to a frame or a region 
within frame of which a motion quantity detected by the 
motion detection means exceeds a predetermined val- 
ue. 

[0025] Since, in consecutive taking of images, chang- 
es in image are smaller between frames where motion 
of the object is small, it is not necessary to detect defects 
at every frame. In the image pickup apparatus according 
to the above described aspect, since the motion detec- 
tion means is provided so that defects are detected 
when the motion detecting quantity exceeds a predeter- 
mined value, it is possible not to detect defects at frames 
where motion is small. 

[0026] In accordance with a ninth aspect of the inven- 
tion, there is provided an image pickup apparatus in- 
cluding: an image pickup device; a storage means for 
previously storing the locations of fault pixels of the im- 
age pickup device; an edge detection means for detect- 
ing edges in image from image pickup signals outputted 
from the image pickup device; a fault pixel detection 
means for detecting fault pixels of the image pickup de- 
vice from a frame or a region in frame having a value of 
edges less than a predetermined value on the basis of 
an output from the edge detection means; and a defect 
correction means for obtaining locations of fault pixels 
by adaptively switching between the fault pixel detection 
means and the storage means based on an output from 
the edge detection means so as to correct image pickup 
signals corresponding to the obtained locations of the 
fault pixels. Here the storage means includes one that 
stores the locations of fault pixels at the time of shipping 
from factory or one that stores the locations of fault pix- 
els previously detected at the fault pixel detection 
means. 

[0027] While errors tend to occur when defects in an 
image having many edge components are to be detect- 
ed, it is possible to accurately detect defects by detect- 
ing the defects only with respect to those images having 
relatively less edge components as described above. 
[0028] In accordance with a tenth aspect of the inven- 
tion, the image pickup apparatus according to the ninth 
aspect further includes an edge reduction means for 
forming an image having reduced edges on the image 
pickup device so that the fault pixel detection means de- 
tects fault pixels in a state where edges are reduced by 
the edge reduction means. 



[0029] By such construction, defect detection at high 
accuracy can be performed for example even in the 
case of taking an image of object having many edge 
components. 

5 [0030] In accordance with an eleventh aspect of the 
invention, there is provided an image pickup apparatus 
including: an image pickup device; a detection means 
for detecting fault pixels of the image pickup device from 
image pickup signals outputted from the image pickup 
device; a storage means for storing locations of the de- 
tected fault pixels; and a defect correction means for 
correcting image pickup signals corresponding to the lo- 
cations of the fault pixels stored at the storage means, 
wherein the fault pixel detection means detects fault pix- 
els corresponding to one frame by image pickup signals 
of a plurality of frames and stores the locations of the 
fault pixels to the storage means. 
[0031] In the case where the processing speed be- 
comes slower due to an increased size of defect detec- 
tion/correct ion processing, it is difficult to perform and 
update the defect detection by each frame. The above 
problem, however, can be eliminated by changing re- 
gions in image to be detected of defects by the frame 
as described so as to obtain a defect detecting result 
corresponding to one frame from several frames. 

Brief Description of the Drawings 

[0032] 

Fig. 1 is a block diagram showing construction of a 
first embodiment of the image pickup apparatus ac- 
cording to the invention. 

Fig.2 is a timing chart for explaining operation of the 
dark signal cancel section in the first embodiment 
shown in Fig.1. 

Fig. 3 shows the operation principle of the defect de- 
tecting section in the first embodiment shown in Fig. 
1. 

Fig. 4 is a flowchart for explaining operation of the 
defect detecting section and defect correcting sec- 
tion in the first embodiment shown in Fig.1 . 
Fig. 5 is a block diagram showing construction of the 
defect detecting section and defect correcting sec- 
tion in the first embodiment shown in Fig.1 . 
Fig. 6 shows the relationship between exposure 
time to be set at the exposure period controlling sec- 
tion and variable input parameters (threshold) in the 
first embodiment shown in Fig.1 . 
Fig. 7 is a flowchart for explaining the total operation 
of the first embodiment shown in Fig.1 . 
Fig. 8 is a block diagram showing a second embod- 
iment of the invention. 

Fig. 9 is a block diagram showing a third embodi- 
ment of the invention. 

Fig. 10 is a timing chart showing an example of op- 
eration in the third embodiment. 
Fig. 11 is a flowchart for explaining an example of 
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operation in the third embodiment. 

Fig. 12 is a timing chart for explaining operation of 

a fourth embodiment. 

Fig. 13 is a timing chart for explaining an example 
of operation of a fifth embodiment. 
Fig.1 4 is a flowchart for explaining operation of the 
fifth embodiment. 

Fig.1 5 is a block diagram showing a sixth embodi- 
ment of the invention. 

Fig.1 6 is a flowchart for explaining operation of the 
sixth embodiment. 

Fig.1 7 is a block diagram showing a seventh em- 
bodiment of the invention. 
Fig.1 8 is a block diagram showing an eighth em- 
bodiment of the invention. 

Fig.1 9 is a flowchart for explaining operation of the 
eighth embodiment. 

Description of the Preferred Embodiment 

[0033] Some embodiments of the invention will now 
be described. Fig.1 is a block diagram showing a first 
embodiment of the image pickup apparatus according 
to the invention. The present invention is not limited to 
black-and-white image pickup apparatus and can be ap- 
plied to any type of image pickup apparatus including 
color image pickup apparatus. For ease of explanation, 
however, the present invention in the embodiments be- 
low including the present embodiment will be shown as 
that applied to an electronic camera which uses a black- 
and-white CCD image pickup device. 
[0034] Referring to Fig.1, numerals are used to de- 
note: 1, a lens through which an object light is caused 
to enter; 2, a light blocking plate; 3, a black-and-white 
CCD image pickup device for photoelectrical^ convert- 
ing the object light into electrical signals; 4, an analog- 
to-digital converter for converting image pickup signals 
outputted from the CCD image pickup device 3 into dig- 
ital signals; and 5, an exposure period controlling sec- 
tion for controlling such as the exposure period of the 
CCD image pickup device 3 by controlling the light 
blocking plate 2 and CCD image pickup device 3. Nu- 
meral 6 denotes a dark signal storing section consisting 
for example of DRAM for storing dark signals to be ob- 
tained from the CCD image pickup device 3 in a state 
where the incident light is shut out by the light blocking 
plate 2; and numeral 7 denotes a subtracting section for 
subtracting dark signals stored at the dark signal storing 
section 6 from main image pickup signals obtained from 
the CCD image pickup device 3 by a main exposure 
where the light blocking plate 2 is retracted. A dark sig- 
nal canceling section is constituted by the dark signal 
storing section 6 and the subtracting section 7. 
[0035] Numeral 8 denotes a defect detecting section 
for detecting defects from the subtracted image pickup 
signals obtained by subtraction of the dark signals at the 
dark signal canceling section; and numeral 9 denotes a 
defect correcting section for performing correction of the 



fault pixels detected at the defect detecting section 8. It 
should be noted that the above described exposure pe- 
riod controlling section 5 includes CPU or the like for 
managing the system. In addition to the controlling of 
5 the light shutting out timing at the light blocking plate 2 
and the charge accumulating time of CCD image pickup 
device 3 as described above, it is adapted to adjust the 
dark signal storing timing at the dark signal storing sec- 
tion 6 and the defect detecting parameter at the defect 
detecting section 8. 

[0036] Operation of thus constructed electronic cam- 
era will now be described. First, a description will be giv- 
en below with reference to the timing chart shown in Fig. 
2 of the operation until the production of subtracted im- 
age pickup signal obtained by the subtraction of dark 
signal at the dark signal canceling section wh ich is con- 
sisting of the dark signal storing section 6 and the sub- 
tracting section 7. 

At the time of subtracting operation of dark signal, the 
light blocking plate 2 is first inserted into the optical path 
and, in the state where the incident light from lens 1 is 
shut out, an accumulation of dark charge corresponding 
to the same time period as the exposure time of a de- 
sired main photographing is performed at the CCD im- 
age pickup device 3. Thereby a dark frame signal cor- 
responding to the main exposure time for a desired pho- 
tographing can be obtained from the CCD image pickup 
device 3. 

[0037] Next, the light blocking plate 2 is retracted from 
the optical path so as to start a main exposure image 
taking and at the same time the dark signal is read out 
and the dark signal is stored to the dark signal storing 
section 6. Then, the main image pickup signal obtained 
by the main exposure image taking is read out and at 
the same time the dark signal stored at the dark signal 
storing section 6 is read out. The subtraction processing 
of the two is performed at the subtracting section 7. At 
this time, since dark components corresponding to the 
dark signal are also included in the main exposure im- 
age pickup signal obtained by the main exposure image 
taking, the subtracted image pickup signal subtracted of 
the dark components is outputted by the subtraction 
processing at the subtracting section 7 as described. 
[0038] For simplification in the above description of 
the dark component subtracting operation by way of the 
timing chart shown in Fig.2, the description has been 
given of an example in one shot photographing using 
CCD image pickup device 3 of an interline readout sys- 
tem where the frame rate in readout is set to the same 
as the frame rate during exposure/accumulation time 
and light is not shut out when readout is performed. 
[0039] Further, the above described embodiment has 
been shown as that in which the light blocking plate 2, 
dark signal storing section 6 and subtracting section 7 
are used to perform the subtraction of the dark signal of 
CCD image pickup device 3. It is however also possible 
that the main exposure image pickup signal is stored to 
the dark signal storing section 6 so that a subtraction 
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image pickup signal subtracted of dark signal is ob- 
tained by subtracting a dark signal similarly obtained im- 
mediately after the main exposure image taking from the 
main exposure image pickup signal which has been 
stored to the dark signal storing section 6. 
[0040] In the present embodiment, defects are detect- 
ed at the defect detecting section 8 and correction 
processing is performed at the defect correcting section 
9 with respect to thus obtained output signal (subtraction 
image pickup signal) from the subtractor 7 which has 
been subtracted of the dark signal. A description will 
now be given with respect to the defect detecting oper- 
ation and defect correcting operation at the defect de- 
tecting section 8 and defect correcting section 9. At the 
defect detecting section 8, the determination as to de- 
fect of observed pixel Xn is performed for example by 
an arithmetic as shown below so that defects are se- 
quentially detected. Here "n" is defined as n^1 and rep- 
resents the number of pixels in an inputted image file. 
[0041] Specifically, as shown in Fig.3, the observed 
pixel Xn and two pixels Xn-1 , Xn+1 next thereto on the 
both sides are used so as to determine whether it is 
faulty or not by the procedure indicated by the flowchart 
in Fig.4. When determined as faulty, it is corrected. In 
particular, mean value A of the outputs of the observed 
pixel Xn to be judged and of its two adjacent pixels Xn- 
1, Xn+1 is first obtained by the following formula (1) 
(stepSI). 

A = (Xn-1 + Xn + Xn+1)/3 (1) 

[0042] The output of each pixel is then compared with 
mean value A so as to determine whether a necessary 
condition as indicated in the following formula (2) is sat- 
isfied or not (step S2). 

[ A + b > Xn-1 ,A + b> Xn+1 , A + b < Xn ] or 
[ A - b < Xn-1 , A - b < Xn+1 , A - b > Xn ] (2) 

where b is a defect detecting variable input parameter 
(threshold) having a value of b^0, which is varied in ac- 
cordance with the exposure/accumulation time of the 
CCD image pickup device. 

[0043] If the necessary condition indicated by the 
above formula (2) is satisfied, it is further determined 
whether a necessary condition of the following formula 
(3) is satisfied or not (step S3). 

|(Xn-1 +Xn+1)/2-Xn| >a (3) 

where, like b, a is a defect detecting variable input pa- 
rameter (threshold) having a value of a^0, which is var- 
ied in accordance with the exposure/accumulation time 
of the CCD image pickup device. 



[0044] If the necessary condition indicated by the 
above formula (3) is satisfied, the observed pixel Xn is 
determined as a fault pixel. The value of Xn determined 
as fault pixel is then interpolated by replacing it with (Xn- 
5 1 +Xn+1)/2=B(stepS4). 

[0045] A description will now be given by way of Fig. 
5 with respect to an example of hardware construction 
of the defect detecting section 8 and defect correcting 
section 9 for performing the defect detection shown in 
the flowchart of Fig.4. Referring to Fig.5, numeral 101 
denotes a pixel rearranging section for adjusting timings 
of the pixel signals of the three pixels, i.e., the observed 
pixel Xn and the two adjacent pixels Xn-1 , Xn+1 , includ- 
ing three flip-flops 11,12,13 each for causing one-pixel 
delay. 

[0046] Numeral 102 denotes a defect detecting sec- 
tion, which includes: a first adder 21 for obtaining a 
mean value by adding together the three pixel signals 
of Xn-1 , Xn, Xn+1 (letting one obtained by the addition 
correspond to mean value A of the above formula (1), 
since the hardware construction for division becomes 
large in size); multipliers 22-1 , 22-2, 22-3 for respective- 
ly tripling the three pixel signals; a first comparator 23 
for comparing the value obtained by addition of the add- 
ed output A of the first adder 21 and variable input pa- 
rameter b set and inputted from the exposure period 
controlling section 5 with the respective output of the 
multipliers 22-1 , 22-2, 22-3; a second adder 24 for add- 
ing the pixel signals of pixels Xn-1 , Xn+1 which are ad- 
jacent to the observed pixel Xn on the both sides thereof; 
an LSB cut circuit 25 for acquiring 1/2 of the output of 
the adder 24 to obtain a mean; a subtractor 26 for sub- 
tracting the pixel signal of the observed pixel Xn from 
the output signal of the LSB cut circuit 25 (mean value 
B of the two pixels); a second comparator 27 for com- 
paring the output of the subtractor 26 with the variable 
input parameter "a" inputted from the exposure period 
controlling section 5; and an encoder 28 for determining 
as to defect of the observed pixel Xn from the result of 
comparison at the first and second comparators 23, 27. 
Here, the defect detecting section 8 as shown in Fig.1 
is constructed by the pixel rearranging section 1 01 and 
the defect detecting section 102. 
[0047] Numeral 103 denotes a defect correcting sec- 
tion, corresponding to the defect correcting section 9 as 
shown in Fig. 1 , which includes a selector 31 for selec- 
tively outputting the pixel signal of the observed pixel Xn 
or mean value B of the two adjacent pixels Xn-1 , Xn+1 
on the basis of the determination output of the encoder 
28 of the above described defect detecting section 102. 
[0048] A description will now be given with respect to 
operation of thus constructed defect detecting section 
1 02 and defect correcting section 1 03. First, at the pixel 
rearranging section 101: the pixel signal of one of the 
adjacent pixels, Xn-1 , is delayed by two pixels through 
the two flip-flops 12, 13 and inputted to the first adder 
21 ; the pixel signal of the observed pixel Xn is delayed 
by one pixel through the one flip-flop 11 and also input- 
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ted to the first adder 21 ; and the pixel signal of the other 
adjacent pixel Xn+1 is directly inputted to the first adder 
21 . At the first adder 21 , then, these inputted pixel sig- 
nals Xn-1 , Xn, Xn+1 are added together to compute a 
mean value (3A) corresponding to A of the formula (1). 
[0049] On the other hand, the pixel signals Xn-1 , Xn, 
Xn+1 to be inputtedto the first adder 21 are also inputted 
to the multipliers 22-1 , 22-2, 22-3, respectively. The pix- 
el signals of 3Xn-1 , 3Xn, 3Xn+1 outputted from the re- 
spective multipliers 22-1, 22-2, 22-3, the output 3A of 
the first adder 21 and the variable input parameter b are 
then inputted to the first comparator 23 for comparison. 
In other words, it is determined at the first comparator 
23 as to whether the condition indicated in the formula 
(2) is satisfied or not, i.e., the conditions of: 

( A + b > Xn-1 , A + b > Xn+1 , A + b < Xn ) or 
( A - b < Xn-1 , A - b < Xn+1 , A - b > Xn ). 

[0050] Further, ofthethree pixel signals to be inputted 
to the first adder 21, the adjacent pixel signals Xn-1, 
Xn+1 are inputted to the second adder 24 for addition. 
The added output is inputted to the LSB cut circuit 25 
where it is reduced to 1/2 by cutting the least significant 
one bit (LSB) to obtain a mean value [B = (Xn-1 + Xn+1 ) 
/ 2] of the adjacent pixel signals. At the subtractor 26, 
then, subtraction is performed between the mean value 
B of the adjacent two pixel signals and the pixel signal 
of the observed pixel Xn. The result of the subtraction 
at subtractor 26 is then compared with the variable input 
parameter "a" at the second comparator 27 so as to de- 
termine whether the condition indicated by the above 
described formula (3) is satisfied or not, i.e., I (Xn-1 + 
Xn+1) / 2 - Xn I > a. If both are satisfied in determining 
the conditions at the first comparator 23 and second 
comparator 27, the observed pixel Xn is determined as 
faulty at the encoder 28. 

[0051] In making determination as to whether the con- 
ditions are satisfied at the first and second comparators 
23, 27, a digital value "H" for example is respectively 
outputted if each inequality for indicating a condition is 
satisfied and "L" is outputted for other cases. The deter- 
mination is made by forming all inequality outputs indi- 
cating the conditions into a logical value table, and being 
for example coded by an encoder. 
[0052] When the observed pixel Xn is determined as 
faulty at the encoder 28, the defect correcting section 
1 03 causes the selector 31 to output the mean value B 
of the adjacent pixels as a correction signal instead of 
the pixel signal Xn of the observed pixel on the basis of 
the output of the encoder 28. In other cases, the ob- 
served pixel Xn is determined as a normal pixel and the 
pixel signal Xn of the observed pixel is outputted as it is. 
[0053] In solid-state image pickup devices such as 
CCD image pickup device, the amount of electric charge 
accumulated in a unit time greatly varies from one pixel 



to another including the effect of ambient temperature. 
At the time of a long time exposure where charge is con- 
tinuously accumulated for a longer period of time, the 
variance as described becomes conspicuous as white 
5 point defects. The white point defects occur in every por- 
tion within the image. Such defects may be concentrat- 
ed in a certain portion within the image. The accuracy 
is greatly reduced in detecting defects from the image 
in such case, since the defects are detected by using 
data of fault pixels themselves. 
[0054] By contrast, in the present embodiment, it be- 
comes possible to accurately detect defects, since dark 
image to be subtracted is obtained by continuously ac- 
cumulating charge with shutting out light for the same 
period as the image photographed by the main expo- 
sure and defects are detected with respect to an image 
where such dark components are canceled. Further, the 
variable input parameters (threshold) a, b for use in de- 
tecting defects are varied in accordance with the charge 
accumulating time at the image pickup device so that it 
is made possible to change the detecting accuracy ac- 
cording to the situation of the number of transiently oc- 
curring defects. 

[0055] A description will now be given by way of Fig. 
6 for indicating the relationship between exposure time 
and thresholds a, b and the flowchart of Fig.7 with re- 
spect to the total operation of the present embodiment 
with a detailed description of the setting of the variable 
input parameters (threshold) a, b by the exposure period 
controlling section 5. Since the level of white points is 
more conspicuous as the exposure time becomes long- 
er, the variable input parameters (threshold) a, b are set 
as shown in Fig. 6 so that they become larger propor- 
tionally to the exposure time. T3 in exposure time of Fig. 
6 indicates the exposure time corresponding to the 
shortest exposure time region of those in the case of 
performing the dark signal subtraction processing. The 
values of thresholds a, b, i.e., the variable input param- 
eters at such exposure time are represented by a4, b4. 
[0056] Upon start of photographing, it is first deter- 
mined at the exposure period controlling section 5 
whether the main exposure image pickup time is longer 
than a predetermined exposure time Ts or not, based 
on which it is determined whether dark signal subtrac- 
tion processing is to be performed or not. If, in the above 
determination of exposure time, the exposure time is 
longer than the predetermined exposure time Ts, a dark 
condition of the same time duration as the main expo- 
sure time is produced by means of an operation of the 
light blocking plate 2. A dark signal obtained from the 
image pickup device 3 at this time is taken into the stor- 
age section 6. The dark signal is subtracted from the 
main exposure image pickup signal to be taken imme- 
diately thereafter. With respect to the subtracted image 
pickup signal obtained by such subtraction, an identifi- 
cation is further made of the range in which the main 
exposure time is set. Particularly, in the example indi- 
cated by the flowchart of Fig.7, it is categorized into the 
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cases of: exposure time > T1 ; T1 § exposure time > T2; 
T2 ^ exposure time > T3; and T3 s exposure time > Ts. 
The thresholds a, b for detecting defects are then opti- 
mized according to the level of the categorized exposure 
time. Particularly, in the example indicated by the flow- 
chart of Fig. 7, defects are detected by setting thresholds 
a, b to: a1 , b1 ; a2, b2; a3, b3; a4, b4, respectively, and 
the defects are then corrected. 
[0057] On the other hand, if the exposure period is 
shorter than Ts in the determination as to whether the 
exposure time is longer than the predetermined expo- 
sure time Ts or not, the dark signal canceling operation 
is not performed; and main exposure image pickup sig- 
nals are taken in immediately after the start of photo- 
graphing so that defect detection and defect correction 
are performed with respect to the image pickup signals. 
At this time, after similarly identifying the range in which 
the main exposure time is set, defects are detected and 
corrected by optimizing thresholds a, b according to 
such level. 

[0058] Particularly, in the example indicated by the 
flowchart of Fig. 7, there are categories of: Ts ^ expo- 
sure time > Ts1 ; Ts1 ^ exposure time > Ts2; Ts2 ^ ex- 
posure time > Ts3. For each of the categorized exposure 
time, defects are detected and corrected by setting the 
thresholds to: as1 , bs1 ; as2, bs2; as3, bs3; respectively. 
[0059] A second embodiment of the invention will now 
be described by way of Fig.8. The above described first 
embodiment has been shown as that in which control of 
dark signal canceling operation and control of thresh- 
olds a, b for detecting defects are performed in accord- 
ance with exposure time regarded as the external cause 
of defects, though it as a result leads to an increase in 
temperature. In the second embodiment, irrespective of 
actual modes such as of exposure time, control of dark 
signal canceling operation and setting of thresholds a, 
b for detecting defects are performed simply in accord- 
ance with the rise in temperature of the image pickup 
device which is caused for example due to an external 
air temperature or operation time of the electronic cam- 
era. 

[0060] In particular, as shown in Fig.8, a temperature 
sensor 41 for detecting temperature of the CCD image 
pickup device 3 is disposed in the vicinity thereof. The 
exposure period controlling section 5 is adapted to con- 
trol the dark signal canceling section and set thresholds 
a, b for detecting defects in accordance with changes in 
temperature detected at the temperature sensor 41 . 
[0061] The relationship between the defect detecting 
thresholds a, b and the temperature is similar to what is 
obtained by letting the temperature correspond to the 
exposure time in the relationship between the exposure 
time and thresholds as shown in Fig. 6. Further, the flow 
of camera operation is similar to an operation where ex- 
posure time is replaced by temperature in the flowchart 
of the first embodiment shown in Fig. 7. 
[0062] With an increase in the temperature, the 
charge excitation rate of the image pickup device is in- 
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creased and the variance in charge amount of each pixel 
becomes easily noticed, whereby white-point defects 
are caused to occur similarly to the case of a long time 
exposure. In the present embodiment, however, defect 
s detection/correction is rendered to a subtracted image 
pickup signal of which dark signal is canceled by the 
dark signal canceling section so that correction can be 
performed by accurately detecting defects. Further, 
since the variable input parameters (threshold) a, b at 
the time of detecting defects are varied in accordance 
with changes in temperature, it becomes possible to 
change detection accuracy according to the situation of 
the number of transiently occurring defects so that erro- 
neous detection can be reduced. 
[0063] A third embodiment will now be described. In 
the case of detecting defects from an image, there is a 
possibility that fault pixels cannot be detected because 
of the effect such as of edge pattern or noise in the im- 
age. In the case of consecutive photographing with a 
large number of image pickup frames per second, mo- 
tion of an object becomes slower as compared to the 
frame rate so that difference in taken images becomes 
decreased between the consecutive frames. As long as 
changes in the scene are not extensive as described, 
therefore, it is not necessary to continuously detect de- 
fects at every frame and it suffices to correct defects by 
means of once detected result of defects. 
[0064] The third embodiment is adapted to deal with 
such conditions. In particular, as shown in Fig. 9, a defect 
location storing section 42 consisting for example of 
DRAM for temporarily storing the result of defect detec- 
tion is provided so that defects are corrected by using 
such defect location information until the stored con- 
tents have been updated. As the defect location infor- 
mation, it suffices for example to use pixel position in- 
formation in the horizontal and vertical directions within 
the image. It should be noted that this embodiment is 
applicable even to the case of not providing a dark signal 
canceling section in the above described construction. 
[0065] In thus constructed third embodiment, when 
images are consecutively taken or when the camera is 
capable of varying frame rate, the exposure period con- 
trolling section 5 determines whether the frame rate is 
higher than a predetermined rate or not i.e., whether 
frame period T is shorter than a predetermined period 
Th, and, based on this, controls the defect detecting sec- 
tion 8. In particular, the defect detecting section 8 de- 
tects defects from a frame image immediately after mak- 
ing such determination or at a timing close thereto, and 
the results thereof are stored to the defect location stor- 
ing section 42. Thereafter, defects are detected and the 
defect location information is updated at predetermined 
intervals after such frame. By thus performing defect de- 
tection/correction, it becomes possible not to make the 
fault pixels easily cognizable due to their being seen and 
not seen frame by frame. 

[0066] Of consecutively taken frames where one 
frame period is T, Fig. 10 shows the case of 5 frames 
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being a unit of defect detecting frame period Tk, i.e., the 
manner of performing defect detection by an interval of 

5T. 

[0067] Further, Fig. 11 is a flowchart for explaining the 
operation of the present embodiment in the case of per- 
forming defect detection/correction in the manner 
shown in Fig. 10. This operation may be explained sim- 
ply as follows. After the start of photographing, defects 
are detected anew if it is a consecutive photographing 
and if frame period T is shorter than the predetermined 
period Th and if the defect detecting period Tk has be- 
come longer than 5T The defect location information is 
stored to the defect location storing section 42 and de- 
fect correction is executed on the basis of such informa- 
tion. In other cases, defect correction is executed by us- 
ing the defect location information which has already 
been stored to the defect location storing section 42. 
[0068] A fourth embodiment will now be described. 
The hardware construction of this embodiment is similar 
to that of the third embodiment shown in Fig.9. In this 
embodiment, as long as a high-speed consecutive pho- 
tographing is continued: defects are detected with re- 
spect to the first one frame; and, after storing such de- 
fect location information to the defect location storing 
section 42, defects are corrected without updating the 
detection results of defect until the completion of such 
high-speed consecutive photographing. Fig. 12 shows 
the manner of detecting defects only at the first one 
frame (indicated by mesh) in the case where 12 frames 
are taken consecutively. 

[0069] By such construction, for example in the case 
where time is required in the defect detection processing 
though it is desirable to detect defects by each frame, it 
is possible to avoid such problems as that a frame can- 
not be taken afresh by taking a new photograph during 
the performance of defect detection. 
[0070] A fifth embodiment will now be described. The 
hardware construction of this embodiment, too, is simi- 
larto that of the third embodiment shown in Fig.9. In this 
embodiment, the contents of the defect location storing 
section 42 are updated: by detecting defects at every 
predetermined time interval irrespective of the number 
of frames; or by detecting defects using time in a non- 
shooting condition where photograph is not taken for ex- 
ample when the electronic camera is in an image dis- 
playing mode, at the time of image storage processing 
or in an image editing mode. 

[0071] When it takes time to detect defects as in the 
case of the fourth embodiment or when a defect detect- 
ing function is executed by software processing, there 
occurs a problem that the processing time of CPU is oc- 
cupied and it becomes impossible to take photograph. 
As in the fifth embodiment, however, the above problem 
can be avoided by detecting and updating defects at 
every predetermined time interval or when photograph 
is not being taken. 

[0072] A description will now be given by way of the 
timing chart of Fig. 13 with respect to a typical example 
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in the present embodiment where the technique is used 
of detecting and updating defects when photograph is 
not being taken . In the case where the electronic camera 
has entered a non-shooting condition four frames after 
s the start of photographing and photographing is to be 
resumed three frames thereafter, such non-shooting pe- 
riod, Tk1 , is determined as a defect detecting period. At 
this time, the defect detection is executed on the basis 
of image information of the third frame which is the last 
of the taken frames, and the defect location information 
is stored to the defect location storing section 42. If pho- 
tographing is resumed, the defect detection is discon- 
tinued at that point in the processing and the photo- 
graphing is immediately started. If defect detecting op- 
eration with respect to all the pixels within one frame is 
not complete in the first defect detecting period Tk1 , the 
defect detection processing is executed in the next non- 
shooting period Tk2 for those pixels which have not 
been subjected to the detecting operation and the defect 
location information is stored to the defect location stor- 
ing section 42. Further, it is also possible that a photo- 
graph corresponding to one frame (k1 , k2) is taken only 
for the purpose of defect detection during non-shooting 
to detect defects on the basis of such frame k1 , k2. 
[0073] A description will now be given by way of the 
flowchart shown in Fig. 14 furthermore with respect to 
the technique for performing the defect detection 
processing during non-shooting as described above. It 
is first determined by the exposure period controlling 
section 5 whether or not the electronic camera is in a 
shooting period where photograph is being taken. If not 
in a shooting period, the electronic camera enters the 
defect detecting mode so that fault pixels in n pixels of 
the image pickup device are detected and the fault pixel 
location information is stored to the defect location stor- 
ing section 42. Such defect detection/storage process- 
ing is performed for each one pixel so that, if photo- 
graphing is resumed, the number of pixels n for which 
the defect detection processing has been complete is 
stored to certain register and the defect detection 
processing is temporarily discontinued. When a non- 
shooting period is resumed, the value of n is recognized 
so that the defect detection operation is resumed start- 
ing from the pixel of which detection has not been com- 
plete. The above operation is repeated until the comple- 
tion of defect detection with respect to all pixels k. It 
should be noted that correction processing is regularly 
executed for the photographed frames on the basis of 
the defect location information. 
[0074] A sixth embodiment will now be described. In 
the case of a frame without a motion of the object in a 
consecutive photographing, it is not necessary to detect 
defects for every frame, since changes in image do not 
occur. In the present embodiment, thus, a motion de- 
tecting section 43 is provided as shown in Fig. 15 so that 
motion is detected at the motion detecting section 43 
before the performance of defect detection at the defect 
detecting section 8. The defect detection is performed 
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only with respect to those frames having a motion of the 
object or those regions in a frame image having a mo- 
tion. For those frames without a motion of the object or 
those regions in a frame image without a motion, on the 
other hand, defects are corrected by using the defect 5 
location information which has previously been obtained 
and stored to the defect location storing section 42. 
[0075] As the technique for detecting motion at the 
motion detecting section 43, it suffices to use for exam- 
ple a block correlation technique of two frames of image 
(such as the technique where an image is divided into 
a plurality of regions and the result of averaging the sig- 
nal levels is computed by each block, thereby determi- 
nation is made as to whether there is a motion or not 
depending on how the values at the same location are 
different from each other between the two frames). It 
should be noted that, since there is an image accumu- 
lating area corresponding to one frame in the dark signal 
storing section 6 of the dark signal canceling section, it 
is also possible to use such storage section to perform 
the frame difference computation in obtaining the above 
described block correlation when the canceling of the 
dark signal is not performed. 

[0076] The defect detection/correction operation in 
this embodiment will now be described by way of Fig. 
16. Only when value u resulting from a normalization of 
the motion detection quantity obtained at the motion de- 
tecting section 43 is greater than a predetermined 
threshold value st, defects are detected and the defect 
location information is recorded at the defect location 
storing section 42. In other cases, correction of defects 
is executed on the basis of the defect location informa- 
tion which has already been obtained. The above de- 
scribed value, u, is obtained for example by a computa- 
tion (difference) from the frame correlation between the 
frame two frames before and the frame one frame be- 
fore the frame for use in the defect detection. Such val- 
ue, u, can be treated either by frames or by blocks within 
one frame. 

[0077] A seventh embodiment will now be described. 
The accuracy of defect detection largely depends on the 
manner of edges contained within the image. In the 
present embodiment, thus, an edge detecting section 
44 is provided as shown in Fig.1 7 to detect edges at the 
edge detecting section 44 before performing defect de- 
tection at the defect detecting section 8. Defect detect- 
ing operation is then performed and the defect location 
information is updated only with respect to those frames 
having less or low-level edges or those regions within a 
frame image having less or low-level edges. As the tech- 
nique for detecting edges by the edge detecting section 
44, it suffices to use for example the technique in which 
a high-pass filtering is effected so that determination is 
made by verifying the components thereof. 
[0078] While errors tend to occur in the case where 
defects are detected with respect to arbitrarily selected 
pixels within an image having many edge components, 
the construction according to this embodiment is capa- 
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ble of suppressing such effect so that defects can be 
accurately detected. 

[0079] The operation of the seventh embodiment can 
be performed by equivalent steps as those in the flow- 
chart for explaining operation related to the sixth em- 
bodiment shown in Fig. 16, by substituting a parameter 
obtained from normalization of a value representing the 
degree of image edges for the value, u, which concerns 
the motion detecting quantity. 

[0080] An eighth embodiment will now be described. 
In the above described seventh embodiment, the edge 
detecting section 44 is provided and edges are detected 
at the edge detecting section 44 before detecting de- 
fects at the defect detecting section 8 so as to perform 
defect detecting operation only with respect to those 
frames (regions) having less or low-level edges. By con- 
trast, in the present embodiment, an image having less 
edge components is deliberately produced on the cam- 
era side, thereby making an accurate defect detection 
possible. 

[0081] In particular, as shown in Fig, 18, a focus con- 
trol and lens drive section 45 is provided. It is provided 
with a defect detecting mode. When the electronic cam- 
era has entered the defect detecting mode, the focus 
control and lens drive section 45 is driven so that the 
lens is deliberately forced to be out of focus. Defects are 
then detected with respect to an image taken in that 
state and the result is stored to the defect location stor- 
ing section 42. Thereafter, the defects are corrected by 
using such information. 

[0082] While errors tend to occur in detecting defects 
of an image having many edge components, the detec- 
tion of defects is possible at high accuracy even in the 
case of taking an object image having many edge com- 
ponents by as described deliberately producing a defo- 
cused image having less edges on the side of the cam- 
era to detect defects. 

[0083] A flowchart for explaining the operation of this 
embodiment is shown in Fig.1 9. The electronic camera 
enters the defect detection processing mode and lens 
1 is driven by the focus control and lens drive section 
45; and defects are detected when out of focus and the 
defect locations are stored to the defect location storing 
section 42. 

[0084] A ninth embodiment will now be described. If 
the size of defect detection/correction processing is 
large and the processing speed thereof is slow, it is dif- 
ficult to detect and update defects at every frame. The 
present embodiment has been made to deal with such 
condition. While its hardware construction is similar to 
that of the third embodiment shown in Fig. 9, the image 
region for which defects are to be detected is changed 
by each one frame so that a defect detecting result cor- 
responding to one frame is obtained by several frames 
and is stored to the defect location storing section 42. 
[0085] By such construction, it is possible to avoid the 
problems in the case where it takes time in processing 
the defects and the problems such as of eyesore due to 
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the fact that defects are detected and not detected for 
example in taking a dynamic image. 
[0086] As has been described by way of the above 
embodiments, it is possible according to the first and 
second aspects of the invention to achieve an image 
pickup apparatus which is capable of accurately detect- 
ing and correcting defects even in cases where the de- 
fects occur in every portion of an image for example at 
the time of a long time exposure. According to the third 
aspect of the invention, defects can be accurately de- 
tected to perform correction even under the condition of 
changing temperatures. It is possible according to the 
fourth and fifth aspects of the invention to correct defects 
without detecting the defects in every frame, since de- 
fects are detected by selecting predetermined frames 
from the image pickup signals consecutively outputted 
as a plurality of frames and the defects are corrected by 
storing the locations of the defects. It is possible accord- 
ing to the sixth and seventh aspects of the invention to 
reduce the cases where a new image taking is impossi- 
ble due to a defect detection processing. 
[0087] According to the eighth aspect of the invention, 
it is possible not to detect defects with respect to frames 
where motion is small, since a motion detection means 
is provided so that defects are detected when motion 
exceeds a predetermined value. It is possible according 
to the ninth aspect of the invention to accurately detect 
defects, since an edge detection means is provided so 
that the defects are detected only with respect to those 
images having relatively less edge components. Ac- 
cording to the tenth aspect of the invention, an edge re- 
duction means is provided so that defects can be accu- 
rately detected in a state where edges are reduced even 
in the case of an object having many edge components. 
According to the eleventh aspect of the invention, de- 
fects can be detected and updated by each frame, since 
a defect detecting result corresponding to one frame is 
obtained from several frames. 



Claims 

1 . An image pickup apparatus comprising: 

an image pickup device; 
a light blocking means for shutting out light in- 
cident upon the image pickup device; 
a subtraction means for subtracting a dark sig- 
nal obtained as an output signal of the image 
pickup device when shutting out the incident 
light from a main image pickup signal obtained 
from the image pickup device at the time of a 
main image taking; 

a correction means for correcting defect signals 
occurring due to fault pixels of said image pick- 
up device with respect to the subtracted image 
pickup signal from the subtraction means; and 
a control means for controlling said light block- 



ing means consecutively before or after the 
main image taking so as to obtain a dark signal 
of a time duration corresponding to the number 
of occurrence of externally caused fault pixels 
5 of said image pickup device. 

2. The image pickup apparatus according to claim 1 , 
wherein said control means controls said light 
blocking means in accordance with an exposure 

10 time of the main image taking. 

3. The image pickup apparatus according to claim 1 , 
further comprising a temperature detection means 
for detecting a temperature of said image pickup de- 

15 vice, wherein said control means controls said light 
blocking means in accordance with the temperature 
detected at said temperature detection means. 

4. An image pickup apparatus comprising: 

20 

an image pickup device; 
a detection means for detecting fault pixels of 
the image pickup device from image pickup sig- 
nals of a selected frame by selecting a prede- 

25 termined frame from image pickup signals con- 

secutively outputted as a plurality of frames 
from the image pickup device; 
a storage means for storing locations of the de- 
tected fault pixels; 

30 a correction means for correcting image pickup 

signals from said image pickup device on the 
basis of the locations of the fault pixels stored 
at the storage means; and 
a control means for controlling timing at which 

35 said fault pixel detection means detects fault 

pixels. 

5. The image pickup apparatus according to claim 4, 
wherein said fault pixel detection means detects 

40 fault pixels at every predetermined number of 
frames. 

6. The image pickup apparatus according to claim 4, 
wherein said fault pixel detection means detects 

45 fault pixels only at the first frame of a number of con- 
secutive frames. 

7. The image pickup apparatus according to claim 4, 
wherein said fault pixel detection means detects 

50 fault pixels at predetermined time intervals or during 
an intermission of photographing after a main pho- 
tographing. 

8. The image pickup apparatus according to any one 
55 of claims 4 to 7 further comprising a motion detec- 
tion means for detecting a motion in image within a 
frame, wherein said fault pixel detection means de- 
tects fault pixels with respect to a frame or a region 
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within frame of which a motion quantity detected by 
said motion detection means exceeds a predeter- 
mined value. 

9. An image pickup apparatus comprising: s 

an image pickup device; 
a storage means for previously storing the lo- 
cations of fault pixels of the image pickup de- 
vice; 10 
an edge detection means for detecting edges 
in image from image pickup signals outputted 
from said image pickup device; 
a fault pixel detection means for detecting fault 
pixels of the image pickup device from a frame 15 
or a region in frame having a value of edges 
less than a predetermined value on the basis 
of an output from the edge detection means; 
and 

a defect correction means for obtaining loca- 20 
tions of fault pixels by adaptively switching be- 
tween said fault pixel detection means and the 
storage means based on an output from said 
edge detection means so as to correct image 
pickup signals corresponding to the obtained 25 
locations of the fault pixels. 

10. The image pickup apparatus according to claim 9 
further comprising an edge reduction means for 
forming an image having reduced edges on said im- 30 
age pickup device, 

wherein said fault pixel detection means detects 
fault pixels in a state where edges are reduced by 
said edge reduction means. 

35 

11. An image pickup apparatus comprising: 

an image pickup device; 
a detection means for detecting fault pixels of 
the image pickup device from image pickup sig- 40 
nals outputted from the image pickup device; 
a storage means for storing locations of the de- 
tected fault pixels; and 

a defect correction means for correcting image 
pickup signals corresponding to the locations *s 
of the fault pixels stored at the storage means; 

wherein said fault pixel detection means de- 
tects fault pixels corresponding to one frame by im- 
age pickup signals of a plurality of frames and so 
stores the locations of the fault pixels to said storage 
means. 
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